Background: To assess inpatient healthcare burden of gout in the USA after an Emergency Department (ED) visit and the predictors of gout-related hospitalizations. Method: We used the 2009, 2010 and 2012 US National ED Sample (NEDS) data to examine the time trends in inpatient visits with gout as the primary diagnosis. We used the 2012 NEDS data to assess multivariable-adjusted predictors of length of hospital stay, discharge to home (versus other) and total charges for gout-related inpatient visits. Results: Of the 205,152 ED visits for gout as the primary diagnosis in 2012, 7.7 % resulted in hospitalization. In 2009, 2010 and 2012, 63 %, 63 % and 64.5 % of hospitalized patients were discharged home; respective durations of hospital stay were 4.15, 4.00 and 3.86 days. Older age 50 to <65 years (ref <50), renal failure, heart failure, osteoarthritis and diabetes were associated with a longer hospital stay and self-pay/uninsured status, hospital location in the Midwest or Western USA with a shorter hospital stay for gout. Similar factors were associated with total charges for gout-related admissions. Older age (65 to <80 and ≥80, relative to <50 years), diabetes, self-pay/no charge insurance status, metropolitan area residence, and a longer length of hospital stay were associated with lower odds of discharge to home; and self-pay/no charge (uninsured) status was associated with higher odds of discharge to home, compared to Medicare coverage. Conclusions: Using a national sample, we noted declining duration of hospital stay and identified factors associated with the length of hospital stay, discharge to home and charges for gout hospitalization following an ED visit. Future studies should examine whether better management of comorbidities in patients with gout can further reduce utilization and cost of gout-related hospitalizations.
Background
Gout is the most common form of inflammatory arthritis in adults that affects up to 8.3 million Americans [1] ; prevalence in European countries is similar at >1 % [2] . In the presence of comorbidities that frequently accompany gout, such as renal failure, heart failure (HF) and hypertension, the treatment of gout can be challenging [3] . Poor quality of gout care has been documented, related to these and other challenges in gout care [4] . Thus, it is not surprising that gout is associated with higher healthcare utilization rates and cost [5] .
Previous studies of gout-related utilization focused primarily on costs [6, 7] or Emergency Department (ED) visits [8, 9] . Hospitalization is expensive; 7 % Americans hospitalized in 2012 accounted for 29 % of all healthcare expenses and cost $377 billion [10] . Studies of hospitalization in gout are few (120 citations resulted from a MEDLINE search on 16 December 2015 using the keywords gout and hospitalization), which demonstrates that this area is understudied. Studies have focused on seasonal variation [11] , quality of care or specific treatment patterns [12] [13] [14] [15] , time trends [16] , economic burden [16, 17] , or comparison of charges in gout versus nongout population [5, 17] . Several knowledge gaps exist. To our knowledge, none of the previous studies examined predictors of inpatient utilization or disposition after hospitalization for gout. Most studies except one study [16] used non-representative samples from tertiary care centers [12] [13] [14] [15] or combined all crystalline diseases [12, 15, 17] , which limited the generalizability of findings to general populations with gout.
Thus, there are big knowledge gaps in our understanding of the impact of gout on inpatient healthcare utilization. Our study objective was to address the following key questions using the data from the US National ED Sample (NEDS): (1) which specific comorbidities and patient factors are associated with higher inpatient healthcare utilization, discharge disposition and charges in gout; (2) what is the magnitude and direction of these associations; and (3) whether inpatient utilization due to gout is increasing or decreasing over time.
Methods

Data source and study population
We performed this study using the discharge data from the National Emergency Department Sample (NEDS), Healthcare Cost and Utilization Project (HCUP), provided by the Agency for Healthcare Research and Quality (AHRQ) [18] . NEDS is the largest, all-payer US ED database that contains a 20 % stratified sample of ED visits from across the USA [18] . The HCUP State Emergency Department Databases (SEDD) and the State Inpatient Databases (SID) provide data for NEDS [18] . The SEDD and SID capture discharge information on ED visits that do not result versus that result in an admission to the same hospital, respectively. Thus, the denominators for ED-related inpatient admissions (all ED visits) are available in this database. Thirty states, including 950 US hospitals, contributed data in 2012. NEDS contains event-level data. NEDS provides appropriate weights to obtain weighted national estimates. In 2012, 31 million ED visits were weighted to calculate the national estimates related to 134 million ED visits in the USA [18] . NEDS is publicly available. For this study, we limited analyses to hospitalization with gout as the primary diagnosis in those who had gout-related ED visits. We identified gout-related visits using the International Classification of Diseases, Ninth revision, Common Modification (ICD-9-CM) code of 274.xx in the respective visit (a code listed as primary for the index ED visit for ED-visit counts and for the index inpatient visit for inpatient visit counts), an approach shown to be valid previously [19] . The Institutional Review Board at the University of Alabama at Birmingham approved the study and waived the need for written informed consent for this database study.
Outcomes of interest and covariates
Study outcomes of interest in patients hospitalized with gout as the primary diagnosis after an ED visit were: (1) duration of hospital stay; (2) discharge to home; and (3) total charges (ED and inpatient).
In addition to the reasons for ED visit (diagnoses and procedures), NEDS includes other important patient/ hospital characteristics, such as age, sex, insurance status, residence (urban versus rural), and the annual median household income estimated using residential zip code. Hospital characteristics include geographical region, location in metropolitan or non-metropolitan area, and whether the hospital is teaching versus non-teaching. For each NEDS visit, up to 15 ICD-9-CM diagnostic codes, nine ICD-9-CM procedures and 15 additional procedures coded using Current Procedural Terminology (CPT) are provided, which we used to assess comorbidities.
Statistical analysis
We used 2009, 2010 and 2012 data to examine time trends in the length of hospital stay and the proportion of patients discharged to home, since 2011 data had data duplication issues and were not available from AHRQ at the time of study conduct (https://www.hcup-us.ahrq.gov/db/nation/ neds/2011NEDSErrataNotification022415.pdf). We used the 2012 NEDS data (most recent data available) to analyze whether patient and hospital factors were associated with outcomes following inpatient admission with gout as the primary diagnosis after an ED visit (disposition to home; length of hospital stay; total hospital charges (ED plus inpatient)). We included prespecified patient and hospital characteristics listed in covariate section (see paragraph above) as potential predictors. We performed multivariableadjusted logistic regression (discharge disposition) or linear regression (charges, length of stay) using SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA). Analyses were performed for log odds of charges and duration of hospital stay due to their skewed distribution; the log transformation of each variable showed normal distribution.
Results
Patient characteristics
Of the 205,152 ED visits for gout as the primary diagnosis in 2012, 7.7 % resulted in a hospital admission (Table 1 ). Characteristics of patients with gout-related ED visit (overall), as well by whether an ED visit resulted in a hospitalization or not are provided (Table 1) . Those who were admitted to the hospital were more likely to be female, older, living in a metropolitan area, or have higher household income, have Medicare as primary payer, more likely to have comorbidities and were seen at a hospital located in the Northeast or seen at a Metropolitan, teaching hospital ( Table 1) .
Duration of hospital stay with gout as the primary diagnosis seemed to diagnosis decreased significantly over time, from 4.15 days in 2009 to 3.86 days in 2012, which was significant (Table 2; p <0.01 to p <0.001 on a paired t test for varying assumption of correlation coefficient ranging from 0.80 to −0.80, respectively). This corresponded to a decrease of duration of hospital stay by 6.99% over 4 years or a reduction by 1.7 %/year roughly.
The observations were similar for gout as primary or secondary diagnosis. Respectively, 63 %, 63 % and 64.5 % patients with a primary diagnosis of gout and 57.7 %, 57.7 % and 57.2 % for those with gout as primary or secondary diagnosis were discharged home from the hospital, in years 2009, 2011 and 2012, respectively ( Table 2) . Predictors of the length of hospital stay, discharge disposition and total charges in patients hospitalized with gout as primary diagnosis
In multivariable-adjusted linear regression analyses, age 50 to <65 years (compared to <50 years) and the presence of renal failure, heart failure, diabetes or osteoarthritis were associated with a longer hospital stay for a hospitalization due to gout (Table 3) . In contrast, self-pay/no charge (uninsured) or private insurance status, and hospital location in Midwest or Western USA, were associated with a shorter hospital stay for a gout hospitalization (Table 3) . In multivariable-adjusted analyses, older age (65 to <80 and ≥80, relative to <50 years), patient residence in metropolitan area, concomitant diabetes, and a longer length of hospital stay were associated with significantly lower odds of discharge to home (Table 4) ; self-pay/no charge (uninsured) status was associated with higher odds of discharge to home, compared to Medicare coverage.
In multivariable-adjusted analyses, older age 50 to <65 (relative to <50 years), metropolitan area residence, Western USA hospital location and the presence of renal failure or heart failure were associated with higher total charges in hospitalized patients, while those with "other" primary payer (compared to Medicare coverage) had lower total hospital charges (Table 5 ).
Discussion
Our study of hospitalization with gout as the primary diagnosis after an ED visit using a national US sample provides an understanding of the predictors of healthcare and economic burden of gout in the USA and the time trends in hospitalizations due to gout. Several findings are novel and merit further discussion.
Time trends were noted in the length of gout-related hospitalization. The length of hospital stay decreased by 1.7 %/year. This decline was similar to that noted for acute myocardial infarction at 1.8 %/year from 2001 to 2011 [20] and knee/hip arthroplasty at 1.5 %/year from 2003 to 2010 [21] , but larger than the 0.2 % annual reduction in length of stay for all hospitalizations in the USA from 2003 to 2012 [22] . Availability of two new urate-lowering therapies since 2009 (febuxostat and pegloticase) may have contributed to this greater reduction. We are unaware of any national quality improvement campaigns for hospitalized gout patients over this time period, or favorable national trends in quality of gout care in outpatient setting that could lead to this decrease. The database did not have any data on inpatient gout quality indicators or medication use, and therefore we were unable to assess this directly using the database. We caution that, even though we found that the difference between 2009 and 2012 hospitalization length of stay was significant and we calculated it based on a wide range of correlation coefficients (+0.80 to −0.80), a more appropriate test for the time trend is repeated measurement mixed model analysis, which could not be performed due to the non-availability of patient-level data.
We identified several patient and hospital characteristics that were significantly associated with the duration Significant beta coefficients are in bold CI confidence interval, Ref reference category, CHD coronary heart disease, COPD chronic obstructive pulmonary disease For interpretation in numeric terms for hospital stay, the coefficients from this regression with log (hospital stay) as an outcome should be transformed as e x, where x = betaestimate. For example, compared to age <50, hospital stay for ages 50 to <65 was 1.07 times higher (beta coefficient = 0.07; e 0.07 = 1.07). On the other hand, compared to Medicare, private insurance was associated with 0.93 times (beta coefficient = −0.07; e −0.07 = 0.93) and self-pay/no charge with 0.85 times (beta coefficient = −0.16; e −0.16 = 0.85), the duration of hospital stay. Positive beta-coefficients in this regression with log outcome indicate a longer length of stay and negative beta-coefficients indicate a shorter length of stay. Patients residing in the Midwest had 0.89 times and in the West had 1.57 times the duration of hospital stay (reference, Northeast). Compared to patients without each condition, patients with renal failure had 1.10 times, heart failure, 1.08 times, diabetes, 1.05 times and osteoarthritis, 1.06 times, the duration of hospital stay Significant odds ratios are in bold CI confidence interval, Ref reference category, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, OA osteoarthritis For interpretation in numeric terms for hospital charges, the coefficients from this regression with log (hospital charges) as an outcome should be transformed as e x, where x = beta-estimate. For example, compared to age <50, hospital charges for ages 50 to <65 was 1.10 times higher (beta coefficient = 0.10; e 0.10 = 1.10). On the other hand, compared to Medicare, "other" insurance was associated with 0.78 times the duration of hospital stay (beta coefficient =− 0.25; e −0.25 = 0.78). Positive beta coefficients in this regression with log outcome indicate higher charges and negative beta coefficients indicate lower hospital charges. Patients residing in metropolitan area had hospital charges 1.25 times (reference, non-metro) and in the West 1.57 times hospital charges (reference, Northeast); patients with renal failure had 1.12 times charges and with heart failure, 1.24 times hospital charges of hospital stay, discharge to home and total hospital charges. The study of factors associated with discharge to home for gout-related hospitalization adds to the current knowledge. We found that self-pay/uninsured status was associated with a higher likelihood and older age, metropolitan area residence, diabetes and a longer length of hospital stay were associated with a lower likelihood of discharge to home. In the absence of previous studies of predictors of discharge disposition of patients hospitalized for gout, these findings offer a new insight. Financial burden for self-pay patients and better social support for patients in non-metropolitan areas [23] may be the respective reasons for the higher likelihood of discharge to home in these patients. Recognition that these characteristics associated with discharge disposition can now allow identification of high-risk patients, when they are admitted to the hospital with gout. Older age is associated with nursing home placement due to higher burden of medical illnesses [24] , therefore it is not surprising to see it inversely related to discharge to home. Involvement of social services and early discharge planning, especially in those at the highest risk, might further increase the proportion of hospitalized gout patients discharged to home.
Diabetes was associated with nursing home admission in patients hospitalized for heart failure [25] . Our study finding that diabetes is associated with lower odds of discharge to home extends this finding to patients with gout. Diabetes is associated with a decline in mobility and functional status [26] . Limitation of mobility is a risk factor for discharge to non-home settings after hospitalization [24] . This might explain the impact of diabetes on post-hospitalization discharge disposition. Future studies should also examine as to whether specific aspects of diabetes (complications such as neuropathy/ nephropathy/retinopathy versus amyotropy versus current blood glucose levels) are responsible for this association.
We also found that several (but not all) comorbidities, namely heart failure, renal failure, diabetes and osteoarthritis, were associated with a longer hospital stay in patients admitted for gout for after an ED visit. For an easier interpretation of regression coefficients for the duration of hospital stay and hospital charges, we added table legends that provides the reader with transformation of the beta coefficients (i.e., exponentiation); a negative coefficient in these tables assessing log of the outcome variable translates to <1 multiple, and a positive coefficient to >1 multiple, compared to the reference category. We hypothesize that treatments frequently used in patients admitted with acute gout, may contribute to worsening of renal function or heart failure, which in turn can prolong the hospital stay. These include corticosteroid use associated with sodium and fluid retention [27] [28] [29] that can worsen hypertension and potentially heart failure; non-steroidal anti-inflammatory drugs (NSAIDs) that can lead to new onset/worsening renal function in patients with pre-existing chronic renal failure, diabetic nephropathy and/or heart failure [30] [31] [32] ; and NSAID-associated fluid retention that can worsen heart failure and renal failure [27] . Use of lower doses of NSAIDs or corticosteroids to avoid worsening of renal or heart failure with full doses (due to relative contraindications), as suggested (but not endorsed) in the 2012 American College of Rheumatology (ACR) gout guideline [33] , may also lead to a longer time to resolve a gout flare in these patients, and hence a longer hospital stay. These comorbidities are associated with a higher risk of gout flares [34] , and it is possible that gout flares are more severe in patients with these concomitant comorbidities, which requires a longer hospital stay for optimal treatment and resolution.
Whether osteoarthritis-associated symptoms worsen during acute gout flares is not well described. This is possible, and may be contributing to a longer hospitalization in these patients. Chronic disability and functional limitation associated with osteoarthritis may also contribute to a longer hospitalization in these patients with gout. Whether a shorter hospital stay associated with certain hospital and insurance characteristics, such as self-pay/uninsured status, Midwest or West US location, is due to practice pattern variations or other reasons, needs to be examined in future studies. Factors associated with higher total charges were similar to that noted for length of hospital stay, which adds to the consistency of findings. It remains to be seen, whether triage pathways or targeted interventions that optimize these comorbidities in high-risk gout patients can improve the outcomes and reduce healthcare utilization and cost.
Our study has several limitations. We examined EDassociated inpatient utilization due to gout, the main objective of our study. Some hospitalizations may occur from non-ED settings and our study findings are likely not generalizable to those, since they are likely to differ in outcomes. NEDS counts visits, not patients, therefore it is not possible at present to assess the occurrence of repeat visits by the same patients to the ED and factors associated with this phenomenon; these sort of analyses could provide great insights into gout-related ED utilization. NEDS does not provide laboratory or pharmacy costs, which would allow a more complete assessment of resource utilization. NEDS provides data on charges, not actual cost to the hospital or the actual expense paid by the insurer. The charges and the costs/expenses can differ slightly or by a significant margin, depending on how much the charges are inflated relative to the cost of services. The non-availability of the 2011 data due to data duplication issues limited our ability to do detailed time trend analyses, a secondary study objective. The availability of these would have informed time-trend analyses. There was no impact of these missing 2011 data on the main analyses related to predictors of discharge to home, charges and the length of hospital stay, since analyses were performed on the data from the most recent year, i.e., 2012.
Our study has several strengths. The NEDS allowed us to produce national estimates about ED-related inpatient visits due to gout in the USA, given the weighting scheme provided. Its large sample size and representativeness allows study of uncommon/rare outcomes and generalizability of study findings. Several common comorbidities seen in gout, such as heart disease, renal failure and osteoarthritis were adjusted, which make these estimates relevant for gout patients. Findings were robust with a great similarity of factors associated with length of hospital stay and charges.
Conclusions
In conclusion, our study provides US estimates of healthcare utilization and burden related to hospitalization with gout as the primary diagnosis after an ED visit. We found that several comorbidities and patient and hospital characteristics were associated with a lower risk of discharge to home, a longer hospital stay and higher total charges in patients with gout. Findings from our study should lead to further research into modifiable predictors of outcomes of gout-associated hospitalization. This advance in knowledge can spur the development of potential interventions to reduce inpatient healthcare utilization and costs due to gout in settings and optimize outcomes.
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